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Abstract 
Escherichia coli 1 and Stenotrophomonas maltophilia were repeatedly isolated from hospitals, 
haemodialysis wastewater and different drinking water sources at Al-Madinah Al-Mounwwarah city, 
(previous work for the authors). The present study investigated 4 strains; E.coli 1 and S. maltophilia, 
one of each was isolated from hospitals wastewater and the others from drinking water, based upon API 
20 E identification protocol, antibiotic-resistance and plasmid profiles. Their plasmids were also found 
genetically-affiliated based on restriction analysis preliminary mapping, and PCR-based techniques 
(ERIC and RAPD); as recommended tools for partial fingerprinting. Results elucidated 60-70% 
identical regions on their plasmids. The two S. maltophilia and two E.coli isolates are almost the same. 
These findings may nominate, or at least pen point hospitals wastewater to be one of the main sources 
contaminating drinking water with bacteria at Al-Madinah Al-Munwwarah city. Not least important is 
the high degree of similarity between the plasmids isolated from the two E. coli 1 strains in one hand 
and the two S. maltophilia on the other. This may prove the vertical and horizontal gene ecology 
concept and strengthen the ring between hospital wastewater and the environment.  
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ERIC and RAPD PCR-based DNA fingerprinting 
Introduction 
An environmental study dealt with the spread of 
antibiotic resistance amongst pathogenic and non-
pathogenic bacteria, as one of the most important 
environmental and health problems challenge man 50 
years ago and until now. Two research programs 
proposed by the authors, adopted and sponsored by the 
Deanship of Scientific Research, Taibah University, 
KSA, run during (1426-1429/2006-2009) entitled: 
“Tracing of Plasmid-Linked Acquired Antibiotic 
Resistant Bacteria in Hospitals and Haemodialysis-
Units Wastewater” and “Application of Touch-down 
PCR and Sequencing Techniques to Study the 
Occurrence and Fate of Antibiotic-Resistant Bacteria 
Escaping from Hospitals Wastewater to Drinking Water 
Resources”. The out findings of these two projects were 
documented [1, 2, 3]. Such studies are usually a root 
from which genetic fingerprinting technologies are 
stemmed, and problem solutions are established.  
 
Hospitals represent source of many pathogens 
in their wastewaters, and which may have an impact on 
the environment and human health [4]. In view of the 
increasing interest in the possible role played by 
hospital and municipal wastewater systems in the 
selection of antibiotic-resistant bacteria, biofilms were 
investigated using Enterobacteriaceae, and 
heterotrophic bacteria as indicator organisms, [5].  
 
Hospital effluent with its high pharmaceutical 
residuals, intense population of multi-drug resistant 
bacteria and enterobacteria in particular could pose a 
grave problem for the community. Multiple drug 
resistant gram negative bacteria counts were 
determined, in order to study the distribution of bacteria 
as free floating in liquid and adherent to suspended 
particles. Enumeration of the bacteria in the filtrate and 
the sediment was also carried out [6]. Waterborne 
transmission of pathogenic E. coli has been well 
documented for recreational waters and contaminated 
drinking-water. From the laboratory and field 
investigation it was found that Escherichia coli 
survived for more than 40 days in the subsurface water 
and can move from surface water to underground water, 
[7, 8]. S. maltophilia is the most frequently-isolated 
species from both clinical and environmental samples. 
Its significant potential as opportunistic pathogen is 
high causing, for example, 70% of otitis externa [9]. It 
also has a wide range of multi-drug-resistance including 
different generations of cephalosporines and many 
hospital outbreaks related to antiseptics and 
disinfectants resistance has been reported for S. 
maltophilia, [10, 11]. Many isolates exhibited NaCl 
tolerance (3-5%), may be explained by their ability to 
produce glucosylglycerol and accumulate trehalose as 
osmolytes, [12].  
The discovery of transferable extra-
chromosomal DNA elements such as plasmids, amongst 
bacterial genera; vertical distribution, and/or bacterial 
species of the same genus; horizontal distribution, now 
known as "Gene ecology", drew attention to the identity 
of these elements and the mechanisms by which they 
accepted, expressed and transferred, within their hosts. 
The occurrence of resistant bacteria and their resistance 
genes in hospital wastewater as well as in drinking 
water may indicate the possible transfer and distribution 
of these bacteria with their plasmids in the environment 
[13]. The current work, so far, has adopted the 
approach  to apply "gene ecology" in making use of the 
genetic information carried on bacterial plasmids as a 
tool to trace such bacteria (MST) escaping from 
hospital wastewater to the drinking water.   
 
Materials & Methods  
The miniprep method described by [14] and refined by 
[15] for the detection and isolation of plasmid DNA 
was adopted. Agarose gel electrophoresis was carried 
out using the tris-borate EDTA buffer (TBE). 
Restriction analysis proceeded in order to draw a 
preliminary map of the isolated 23,130 bp plasmids. 
Mapping of this CCC plasmid was accomplished. 
Combine the following in a microfuge tube in order; 
1µl 10x Buffer, 6.5µl H2O, 2µl DNA, 0.5µl Enzyme 
works excellently in all four of the standard buffers. 
Fundamentally it is a question of salt concentration, 
Magnesium concentration and pH. It is always good to 
add the buffer and water into the tube first. If you put 
the enzyme in straight on top of the buffer then it may 
become irreversibly denatured DNA. Restriction 
enzyme, EcoRI, for example 0.5µl is plenty for a 
miniprep digestion. Do not use more enzyme than 10% 
of the final reaction volume (i.e. not more than 1µl in 
the present case). This is because the enzyme storage 
buffer contains antifreeze (glycerol) to allow it to 
survive at –20°C. The glycerol will inhibit the digestion 
if present in sufficient quantities.  Incubate for 1 hour at 
37°C in a water bath. Meanwhile prepare the agarose 
gel. PCR is an important methodology, developed to 
amplify regions of DNA sequence using the enzyme 
Taq polymerase or Pwo polymerase and specific 
oligonucleotide primers [16]. The technique was 
applied here to amplify genes from plasmid template. 
Amplification reactions were performed in a final 
volume of 25 lL, with 15.5 µL H2O, 2.5 µL 25 mM 
MgCl2, 2.0 µL each 2.5 mM dATP, dTTP, dGTP and 
dCTP, 0.3 µL 1 mM ERIC2 primer (`5-
AAGTAAGTGACTGGGGTGAGCG-3`), Biophram-
ceutical Company, Canada, 2.6 µL 10x PCR buffer 
(Sigma-Aldrich, Munich, Germany), 0.13 µL Taq 
polymerase (Sigma-Aldrich) and 2 lL DNA extract. A 
negative control with H2O instead of DNA extract was 
used in each run. PCRs comprised one cycle for 3 min 
at 94oC, two cycles of 45 s at 94oC, 1 min at 30oC and 1 
min at 72oC, and 44 cycles of 30 s at 94oC, 30 s at 55oC 
and 1 min at 72oC, with a final extension for 4 min at 
72oC. The PCR products were analysed by 
electrophoresis against DNA Molecular Weight Marker 
(Sigma–Aldrich, Germany) for 2 h at 110 V in a 1.5% 
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w⁄v agarose gel and stained with 0.1% w⁄ v ethidium 
bromide. The amplicon patterns were evaluated with a 
Gel Documentation System.  
 
The Random Amplified Polymorphic DNA 
(RAPD) method is based on the PCR using short 
(usually 10 nucleotides) primers of arbitrary sequences. 
Assay buffer for Taq DNA polymerase, 
deoxynucleoside triphosphates (dNTP'S); 2.5 mM each 
of dCTP, dATP, dTTP, dGTP. Store at    –20ºC 
Magnesium chloride: 25mM stock and store at –20 º 
CTaq DNA polymerase and plasmid DNA 5-25 ng/ml 
stocks. Ten oligodecamer primers; RBM 1-5' 
GTTGGTGGCT3', RBM 2-5' ACAACGCCTC3', RBM 
3-5'GTCCACTGTG3', RBM 4-5' TCAGTCCGGG3', 
RBM 5-5' TCGGCACGCA 3', RBM 6-5' 
TTCGAGCCAG3', RBM 7-5' GTGAGGCGTC3', RBM 
8-5'GGGGGTCTTT3', RBM 9- 5'CCGCATCTAC3' 
and RBM 10-5' GATGACCGCC 3' (Sigma) were used. 
Temperature profile run was; initial denaturation at 94º 
C for 5.00 min,  denaturation at 94º C for 1.00min, 
primer annealing at 55º C for 1.00min, primer extension 
at 72º C for 2.00min, go to 2, 39 times, final extension 
at    2ºC for 10min, 4ºC for ever after the reaction, then 
DNA products are analyzed through gel 
electrophoresis. After run the gel photograph, label and 
measure the migration of the DNA bands [17].  
 
Results  
The presence of plasmids in the eight strains isolated 
from drinking water sources under study at Al-Madinah 
Al-Munwwarah and representing almost all the 
negative bacterial population was investigated. These 
strains namely; Escherichia coli 1, Citrobacter freundii, 
Providencia stuartii, Proteus vulgaris, Chryseomonas 
luteola, Stenotrophomonas maltophilia, and were at the 
same size; (23,130 bp) measured against the standard 
fragments of digested Lambda phage with Hid III. 
Aeromonas hydrophila (group 1) and Aeromonas 
hydrophila (group 2), were examined and plasmids 
were detected in five of them namely; 
Stenotrophomonas maltophilia, Proteus vulgaris, 
Aeromonas hydrophila (group 1), Providencia stuartii 
and Escherichia coli 1, the detected plasmids were 
singly-inhabiting the cells. The same plasmid size was 
proved to inhabit also the same eight bacteria strains 
isolated from the final effluent wastewater of 5 
hospitals and 2 haemodialysis units at Al-Madinah Al-
Munwwarah.  
 
Although the same plasmid (23,130 bp) was found 
in the same bacterial isolates and in both hospitals and 
haemodialysis units wastewater and drinking water, it 
showed single existence in drinking water isolates, 
while found in combination with other plasmids in six 
of the hospitals and haemodialysis units wastewater 
bacterial isolates. On the basis of the number of similar 
plasmids, only two strains showed to singly harboring 
the same 23,130 bp namely; Escherichia coli 1 and 
Stenotrophomonas maltophilia. This means four 
bacterial isolates; 2 isolates from drinking water 
(Escherichia coli 1 and Stenotrophomonas maltophilia) 
and 2 isolates from hospitals and haemodialysis unit’s 
wastewater (Escherichia coli 1 and Stenotrophomonas 
maltophilia) each contains only one plasmid with 
23,130 bp size.  
 
     Restriction analysis using available 
endonucleases as the first trail in evidencing the 
possible similarities among those plasmids and hence 
those isolates using 9 endonucleases; BamHI , BglI, 
EcoRI, PstI, SacI, SalI, SmaI, BglII and HindIII, 
resulted in identical fragments  for the 4 plasmids, both 
in number and size and were as shown in Fig. 1 using 
Plasp software. 
 
The enterobacterial repetitive intergenic 
consensus sequence (ERIC)-PCR typing used to 
genotype the presence of this gene in the plasmid under 
study. The targeted gene was proved to exist in all the 
four plasmids extracted from the isolates under study 
(Fig.1).  
 
Random Amplified Polymorphic DNA 
(RAPD) technique increased the resemblances degree 
amongst the four plasmids using 10 (RAPD) primers; 
and the total number of alleles and their patterns were 
as given in Fig. 2 and Table 1. It has been found that 
the largest amplified product was 2000 bp and the 
smallest was only 100 bp. The number of bands for 
responding primers ranging from 1 to 10 with an 
average of four bands. For the two cases. The degree of 
similarity between the two E. coli cases was 100% and 
it was also 100% for the two S. maltphilia case isolates. 
This confirms, no doubt, that these two plasmids are 
the same for each case.  
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                              Rm                 1                          2                   3                       4 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Showing the ERIC gene clearly-spotted for the 4 isolates under investigation as; Rm is the reference marker 
while 1 and 2 are Stenotrophomonas maltophilia, 3 and 4 are Escherichia coli 1  from drinking water and hospital 
wastewater, respectively. 
                              RM                      1                      2                      3                       4 
 
 
 
 
RBM 1 
      
 800 bp 
 
 
 
 
Fig. 2 The number of scorable bands for responding primers ranging from 1 to 10 with an average of four bands, ranging from the largest 
amplified product, 2000 bp and the smaller, 100 bp. While 1 and 2 are Stenotrophomonas maltophilia, 3 and 4 are Escherichia coli 1   
 
Table 1. Showing the finger printing results using 10 (RAPD) primers. 
 
S. maltophilia 
D.W 
S. maltophilia 
H.W.W 
E.coli 1 
D.W 
E.coli 1 
H.W.W 
RBM 1-5' GTTGGTGGCT 3' --  --  X X 
RBM 2-5' ACAACGCCTC 3' X X X X 
RBM 3-5'GTCCACTGTG 3' --  --  X X 
RBM 4-5' TCAGTCCGGG 3' X X X X 
RBM 5-5' TCGGCACGCA 3 X X X X 
RBM 6-5' TTCGAGCCAG 3' --  --  X X 
RBM 7-5' GTGAGGCGTC 3' X X --  --  
RBM 8-5'GGGGGTCTTT 3' X X X X 
RBM 9-5' CCGCATCTAC 3' --  --  X X 
RBM 10-5' GATGACCGCC 3' X X X X 
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Discussion 
Regarding the bacteriological quality of the studied 
drinking water sources, based upon the identification 
results of the strains isolated, the high percentage of 
Gram –ve bacteria (74%) in relation to that of the Gram 
+ve ones (26%) may indicate the  fresh and continuous 
source of these bacteria introduced to water, [18]. The 
short-term living mode of Gram –ve bacteria in water 
and the lack of certain essential nutrients may explain 
this conclusion, [5, 8, 19]. 
 
      The study focused, then on the (56%) of detected 
Gram –ve rods as the most suspected group in health 
problems that directly-linked to the bacterial water 
pollution indicators. In addition it represented the 
highest percentage of existence compared with other 
groups; Gram –ve cocci (18%), Gram +ve spore-
forming rods (19%) and Gram +ve non spore-forming 
rods (7%). 
 
      The identification of four species of 
Escherichia, Citrobacter, Providencia and Proteus, 
family: Enterobacteriaceae, with Escherichia coli with 
them confirms this group as a powerful indicator for 
pollution measurements, [8, 37]. While the presence of 
two species of Aeromonas, family: Vibrionaceae, 
suspect their source as healthy-hazardous and 
pathogenic. The importance of having two species of 
Chryseomons and Stenotrophomonas, family 
Pseudomonadaceae, reflects the possibility of water 
contamination with residuals of pharmaceutical drugs, 
antibiotics in particular, because of their well known 
wide range of multidrug-resistance patterns, [11, 13, 20, 
40].  
 
    The most distributed three species in drinking water 
sources were; Aeromonas hydrophila group 2, 
Stenotrophomonas maltophila and Escherichia coli, in 
a descending order. Such a distribution profile 
encourages the point of having hospitals, so far, as a 
prosecuted source of the problem. Antibiotic-resistance 
profiles of the studied isolates proved tolerating and 
resisting the investigated nine antibiotics [21]. Final 
effluent of hospital wastewater supposed to be the best 
theatre of such phenomenon, [1, 22, 38].  
 
One remarkable finding is the presence of to 
strains of Aeromonas hydrophila, 1 and 2, and only 
strain 1 got plasmid, while 2 was plasmid-free. The 
plasmid existence in strain 1 sure participate in the 
antibiotic profile resisting all the nine studied 
antibiotics at MIC(s) 50:100 µg/ml, while strain 2 resist 
only three and at not more than 50 µg/ml. [14, 41] 
concluded similar findings for other members of 
Vibrionaceae. 
 
Special interest, in this study, was paid to    S. 
maltophilia which is a Gram –ve, non-lactose 
fermentor, pigment-producing rods that resist a wide 
variety of cephalosporines, penicillines, sulphonamides, 
steroids, aminoglycosides and quinolones (e.g.: 
ofloxacin), with known efflux system as well as its 
bioremediation activities [9, 10, 23, 24].  It is most 
frequently-isolated from both nosocomial infections and 
environmental samples. The presence of S. maltophilia 
in bottled desalinated drinking water may be explained 
by their marine origin and ability to tolerate NaCl up to 
3-5%, this has been also reported by  [12, 39].  
 
     Not only the detected plasmid in five isolated 
strains in the present study namely; Escherichia coli, 
Providencia stuartii, Proteus vulgaris, Aeromonas 
hydrophila group 1 and Stenotrophomonas maltophila, 
have the same size 23130 bp, but also showed the same 
antibiotic profiles. This primarily indicates that they 
may be the same from the point of antibiotic-resistance 
genes content.   
 
     The result of having the same plasmid size (could 
be the same plasmid or not), in spite of the differences 
in taxonomic ranks at the generic as well as the specific 
levels may indicate the presence of certain inducing 
agent that enforced bacteria to keep, transcribe and 
transform this plasmid, which may be involved in 
tolerating that agent. The gene ecology concept, both 
horizontal and vertical is clearly-recognized.  
 
   Obviously, the relative purity of drinking water 
being almost free from pharmaceutical residues and 
many of the essential growth nutrients, may explain 
why the distribution of plasmids amongst bacterial 
population of drinking water is much less than those of 
the final wastewater of hospitals. Final wastewater of 
hospitals is ideal environment for this gene ecology 
exchange, while drinking water is not.  
 
  ERIC-PCR refers to the general method which 
utilizes oligonucleotide primers matching palindromic 
repeated sequences described in enterobacteria to yield 
DNA fingerprints of individual bacterial isolates [25, 
42]. This technique has proved to be useful in typing 
bacteria other than enterobacteria like Staphylococcus 
aureus [26] and Acinetobacter baumannii [27]. The 
results described in this study showed that such 
sequences exist in not only E.coli 1 but also in S. 
maltophilia. The random amplified polymorphic DNA 
(RAPD) method based on the (PCR) using short 
primers of arbitrary sequences, added an important clue 
evidencing the case of our study. 
 
In the first documented study in the United States 
using a virus secreted in urine as an indicator of sewage 
in environmental waters, has given rise to microbial 
source tracking (MST), a collective term for 
methodologies using microorganisms as indicators to 
detect and differentiate sources of faecal pollution in 
waters. The nested-PCR assay method was successfully 
used in field studies and has the potential to be a 
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valuable asset to MST. [28, 29, 40]. Böckelmann aimed 
to show the potential impact of reclaimed wastewater on 
the antibiotic resistance gene pool in the environment 
[30, 39]. They investigated faecal-contamination 
indicators, bacterial pathogens, and antibiotic resistance 
genes over the period of 1 year. They applied a potent 
rapid molecular technique, real-time qPCR, to measure 
the concentrations of antibiotic resistance genes in the 
reclaimed water Real-time quantitative PCR assays for 
Helicobacter pylori, Yersinia enterocolitica, and 
Mycobacterium avium subsp. paratuberculosis, human 
pathogens with long-time survival capacity in water. In 
drinking and irrigation water, none of the pathogens 
were detected.   
 
The method proved to be very efficient, 
reproducible, and sensitive. Krzewinski used Eric and 
rapd PCR typing methods to examine the molecular 
epidemiology of Stenotrophomonas maltophilia causing 
cystic fibrosis between patients within a given centre as 
well as between patients at different centres [31]. Both 
techniques were sensitive and reliable enough to 
recognize multiple unique clones.  Brocchi concluded 
that Eric is more efficient among E. coli clinical strains 
[32], while Wieczorek, Michelim and Mancuso found 
that both Eric and RAPD had the same high 
discriminatory power  but for Campylobacter, Proteus 
mirabilis and Photobacterium damselae strains 
respectively [33, 34, 35, 40]. Moreover, the 56-70% 
genetic similarities of the plasmid included in the same 
bacteria isolated from different sources using PCR-
based molecular quantitative assay, such as Eric and 
RAPD techniques, could be a good microbial source 
tracking (MST) approach. It has been observed that 
bacterial isolates of interest have not only the same 
identity, but also high genetic plasmid similarities, even 
when isolated from different ecosystems.  
 
Conclusion 
The present study found that the 4 isolates were 
genetically related according to antibiotic profiles 
(antibiogram) and the plasmid content, restriction 
analysis preliminary maps, and recognizable 
homogeneity; in gene content and nucleotide sequence 
similarities, applying ERIC-PCR, and RAPD-PCR 
techniques; as tools for partial fingerprinting. So the 
two S. maltophilia and two E.coli isolates were shown 
to be, almost, the same. Not least important is the high 
degree of similarity between the two E. coli 1 isolates in 
one hand and the two S. maltophilia on the other. This 
is the first documented study in the KSA highlighted or, 
may be, nominated hospitals wastewater to be a main 
source contaminating drinking water with bacteria at 
Al-Madinah Al-Munwwarah city.  
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